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ABSTRACT

This study seeks to understand the locomotor implications of plastron reduction in
turtles through dissection, description and qualitative and quantitative analysis of
muscle masses. A comparative study will be conducted between a turtle species
with a reduced plastron (Chelydra serpentina) and a species with a full plastron
(Trachemys scripta elegans) to gain a better understanding of how the reduced
plastron in snapping turtles affects their myology and gait. Quantitative data on
muscular mass and length will be obtained for statistical comparison between the
two clades. Data collected will be used to make inferences on gait, stance and
natural history.

v

Chapter I: Introduction
The anatomy of turtles is dominated by the presence of the shell, a highly derived
structure formed from elements of the axial skeleton. Composed of the carapace, or
dorsal elements, and the plastron, or the ventral plate of the shell, the shell encloses
the locomotor elements in a situation unique among tetrapods.
The myology of the locomotor apparatus in turtles is intrinsically linked to the shell
and exhibits variation based on shell morphology. Muscles that contribute to the limb
motion anchor on the carapace and plastron. The size and shape of the plastron
correlates with the degree of freedom and range of motion of the associated limbs.
Chelydra serpentina exhibits the greatest degree of plastron reduction of North
American cryptodires. The highly reduced cruciform plastron allows more medial
freedom of limb movement, allowing Chelydra serpentina to approach a parasagittal
gait when travelling over land (Ernst et al. 2000). However, reduction in the surface
area of the plastron also reduces the available areas for muscle insertion along its
dorsal surface. Fossil evidence indicates that such extreme reduction of the plastron
is a derived characteristic. The myological, functional, locomotive implications of
such extreme degrees of secondary plastron reduction are currently unknown
(Hutchison 2008).
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Significance
This study will seek to contribute to the descriptive literature on the postcranial
osteology and myology of Chelydra, an area that has never been subject to detailed
systematic study, analysis and illustration (Gaffney 2008). It is recognized that
differences in locomotor behaviors are in part based on differences in limb structure
(Blob et al. 2008). Abdala (2008) showed that the myology of terrestrial turtles was
highly derived from aquatic forms and that intermediate forms exist between the two
extremes. A comparative study in the myology of C. serpentina and Trachemys
sculpta may shed light on the myological differences involved in the development of
parasagittal gait and plastron reduction in turtles. The adaptive advantages and
selective pressure behind plastron reduction in Chelydra currently remain unknown.
Females are known to travel considerable distances overland to nest (Carr 1952).
Records indicate that individuals have been documented traveling overland in
excess of over one kilometer to other bodies of water (Ernst et al. 2000). The
prevalence of these long distance movements is unknown. The dispersal pattern
and population biology of C. serpentina differs significantly from that of other aquatic
chelonians. C. serpentina populations are subject to a high degree of gene flow, as
terrestrial barriers that give rise to geographic variation in other turtles have proven
to be ineffective barriers to C. serpentina. The reduced plastron and locomotor
adaptations to efficient aquatic and overland dispersal may be the primary basis for
their unique population biology (Galbraith 2008).
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Hypothesis
Do quantitative and qualitative differences exist in the locomotor myology between
turtles with a full plastron like Trachemys and turtles like Chelydra that have a
reduced plastron?

H0: There are no significant differences in the myology of full plastron turtles and
Chelydra.
HA: There are significant differences in the myology of full plastron turtles and
Chelydra.

The Phylogenetic History of Turtles
The evolutionary origin of turtles is widely debated. Competing evidence from bony
and soft tissue anatomy, molecules, and organ development point to differing
phylogenetic placements in amniote phylogeny. Major competing hypotheses for the
position of turtles with respect to extant taxa fall under three main categories.
Morphological and some molecular studies suggest that turtles may be basal to all
other living reptiles (Reisz and Laurin, 1991; Laurin and Reisz, 1995, Lee, 1993,
1995, 1996, 1997; Gauthier et al., 1988.) Competing evidence suggest a close
phylogenetic relationship to lepidosaurs as well as to that of archosaurs (Bhullar
2009, Müller, 2003, 2004; Hill, 2005). Both positions place turtles within diapsida.

The position of turtles within the reptile phylogeny is not directly relevant to this study.
The earliest fossil turtle currently known is Odontochelys, a transitional turtle with a
primitive plastron and an absent carapace from China (Li et al. 2008). Debate
3

currently exists on the question of whether or not the carapace is primitively absent
or secondarily reduced. Regardless of its phylogenetic position, Odontochelys
remains the most primitive turtle currently known.

Proganochelys is the best known basal turtle, Kayentachelys is another well known
taxon which has a disputed placement either as a stem turtle (Sterli and Joyce 2007)
or an early cryptodire (Gaffney and Jenkins 2010). This dispute between basal turtle
workers factors predominantly around not only Kayentachelys, but also several other
stem-groups, such as australochelyids and meiolaniids, but has no bearing on the
interrelationships of crown-cryptodires (Joyce and Sterli 2010), such as Trachemys
and Chelydra.

Extant turtles fall into two main clades, the Cryptodires, or hidden necked turtles,
and the Pleurodires, or side-necked turtles, named in reference in the variation in
method in which turtles withdraw their heads into shells.

Pleurodires are so named , because they withdraw their heads horizontally into the
shell. They diverged early from the cryptodires and remain a sister group with unique
morphological features. Pleurodires are historically limited to the southern
hemisphere in distribution. The earliest pleurodires are known from the Middle
Jurassic. Current findings in turtle phylogeny has led to a reevaluation and debate
regarding the position of pleurodires in the turtle phyogeny. Regardless of whether
Sterli (2010) is correct in supporting a sister relationship between soft shell turtles
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and pleurodires within the Cryptodira, or if the more traditional view placing them as
a sister taxon to the Cryptodira is correct (Joyce 2007, Gaffney 1975a, 1975b), stem
members of both of these major turtle groups were likely present through most of the
Jurassic. The earliest fossil record of cryptodires are basal cheloniids (or sea turtles),
as well as some trionychians (or soft shell turtles), both known from as early as the
Late Jurassic. This would imply that the Chelydrid+Platysternonid stem group split
away from other cryptodires around this time or earlier. However, the earliest fossil
record of chelydrids is not until the Late Cretaceous.

Family Chelydridae

Figure 1.1. Cladogram of turtles with reference to plastron structure. The two taxa
studies have been indicated in red.
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Figure 1.2. cladogram of plastron reduction in the Chelydra lineage. Image
assembled from illustrations in Hutchison 2008.

The family Chelydridae encompasses two extant genera of large, voracious
freshwater turtles more commonly known as the snapping turtles. Chelydra and
Macrochelys are the largest North American turtles, with the largest recorded
specimen of Macrochelys weighing more than 65 kilograms (Carr 1952).

Although fossil chelydrids are known from Europe and Asia, extant genera are
limited to North America (Ernst 2008). The family is characterized by large powerful
jaws, a long tail, and the highly reduced, loosely joined, cruciform plastron (Carr
1952). Morphological and molecular evidence indicate that the closest extant
relatives of Chelydridae are platysternids, or Asian big-headed turtles (Gaffney
1975).

The fossil record for basal members of Chelydridae is limited to Late Cretaceous,
North American material.

While a number of taxa are known from fragmentary
6

remains, a large proportion of fossil specimens currently remain undescribed.
Specimens formally documented in the literature are biased toward those found
eastward of the Rocky Mountains. The historical distribution of Chelydridae far
exceeds that of its current range, extending across North America from coast to
coast into Canada, Eurasia and central Asia. Fossil evidence indicates that
Chelydridae colonized Eurasia in the Late Paleocene. Unpublished data indicates
that Chelydra may have evolved outside of its present range on the Pacific slope
(Hutchison 2008).

The genus Chelydra encompasses what are commonly known as the snapping
turtles, large, heavy bodied, new world, freshwater predatory turtles that range
throughout North and South America. The Common Snapping turtle, Chelydra
serpentina is one the largest and most widely distributed of North American fresh
water turtles. Its broad distribution, high adaptability, wide range of environmental
tolerance, and high fecundity has made it an ideal subject for a number of studies.
C. serpentina holds the largest geographic range of all North American turtles.
Geographically, its range encompasses much of the North American continent east
of the Rocky Mountains, ranging from southern Canada into northern Mexico (Carr
1952). The wide range of C. serpentine is broadly attributed to its adaptability,
habitat plasticity, and dispersal ability (Sheil and Greenbaum 2005).

C. serpentina is an aquatic ambush predator that feeds on fish and other aquatic
fauna at the bottom of the bodies of water it inhabits. Like many other turtle species,
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C serpentina feeds opportunistically, and has been documented subsisting on
carrion, invertebrates and aquatic vegetation (Carr 1952). It is highly tolerant to a
wide range of environmental conditions such as temperature and salinity, and has
been observed traveling under and over ice, in frozen bodies of water as well as
living in estuaries and brackish water (Carr 1952). Throughout much of its northern
range, C. serpentina hibernates from October to May. Hibernation occurs under
water, and the animal buries itself in mud and debris. C. serpentina has been shown
to exhibit substantial levels of aquatic gas exchange through the pharynx, skin and
cloaca, allowing turtles overwintering underwater to subsist on aquatic respiration
alone (West, 2008). Hibernaculums formed by multiple individuals are known but
poorly documented and understood (Carr 1952). Throughout much of its range, C.
serpentina breeds between the months of April and November. Courtship details
remain poorly studied and largely undescribed, and it is unknown whether uniformity
in courtship behavior exist (Carr 1952).

Mating behavior is similar to most aquatic turtles. Following mate selection, the male
mounts the female, clinging to the edges of her carapace with his claws. The tails
are manipulated to establish cloacal alignment (Carr 1952). The female emerges
from the water and selects a nest site, digging a flask shaped nesting chamber with
her hind feet (Carr 1952). Clutch size averages 25, though clutches as large as 80
have been documented. Egg range in size between 24mm to 33mm in diameter and
range between spherical or oblong in shape (Carr 1952). Incubating time ranges
from 80-90 days, with variations seen in latitude (Carr 1952). During incubation,
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embryos derive oxygen via gas diffusion across the egg shell. The eggs of C.
serpentina possess a bilaminar shell composed of an outer mineral layer and an
inner egg shell of approximately equal thickness. As incubation progresses, the egg
shell gradually delaminates, allowing the shell to swell, and in the process exfoliating
the mineral layer (Packard, 1980). This gradual sloughing off of the outer layer of the
shell increases the oxygen permeability of the eggshell to meet increasing oxygen
demands as the embryo develops. At hatching, the thickness of the shell is a fraction
of its original thickness, facilitating the emergence of the hatchling (West, 2008).
Following emergence in the spring, adults of both sexes may disperse widely,
making overland migrations that exceed half a mile or more (Carr 1952). Aquatic
migrations are also documented. C. serpentina is a strong swimmer and is capable
of swimming quickly when the need arises. Unlike other aquatic turtles, it primarily
moves by walking along the bottoms of the bodies of water it inhabits (Ernst et al.
2000). Natural history studies indicate that C. serpentina has little preference for
habitat, and can be found in nearly any body of water, though is found in greater
numbers in bodies of water with soft muddy bottoms and banks (Carr 1952). C.
serpentina will readily colonize ponds, drainage ditches, and has been documented
in brackish water and tidal creeks (Carr 1952).

Trachemys
An examination of the myological implications of plastron reduction can not be
performed without a quantitative and qualitative comparison of the reduced condition
with a non-reduced plastral condition. For this assay, Trachemys scripta, the red
eared slider will serve as the control species against which the Chelydra condition
9

can be compared. Members of the family Emydidae, Trachemys scripta is one of 15
species of turtles in the Trachemys genus (Bickham 2007; Fritz and Havas, 2007;
Rhodin et al 2009).

Although Trachemys scripta is native to the Mississippi drainage, it is now widely
distributed across North America due to its popularity in the pet trade
(Ernst and Lovich 200). Natively, T. scripta occurs in bodies of fresh water from
South Eastern Virginia to Northern Florida, west towards Texas and Oklahoma and
South into Central America. Escapes and releases outside of its native range has
resulted in extensive colonization in suitable habitats in non-native range, and T
scripta is now readily found in bodies of water along the eastern seaboard, west of
the rockies, areas of south America and Central Asia. T. scripta exhibits significant
variation in coloration and pattern throughout its native range and 14 subspecies
have been described. Introduction of non-native subspecies through the pet trade
have, in many areas disrupted the genetic integrity of subspecies, resulting in
widespread aberrance in patterns and coloration (Ernst 1990).

Like C. serpentina, T. scripta is a habitat generalist that is found in a range of
aquatic ecosystems. T. scripta are most active during spring and fall, as over land
migration peaks for nesting and dispersal. Summer and winter represent periods of
reduced activity and hibernation respectively (Gibbons 1990).
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T. scripta are preferential carnivores. Plant matter is consumed if animal matter is
unavailable, however, diets high in plant matter negatively impacts growth rates
(Gibbons 1990). Gibbons et al, 1981 found that variation exists in parameters of
maturation. Whereas males tend to reach sexual maturity as a function of size,
females reach sexual maturity as a function of age.

Unlike C. serpentina, mature males and females of T. scripta are readily
distinguishable from sexual dimorphisim in both body mass and secondary sexual
characteristics (Gibbons and Lovich, 1990). Females of T. scripta reach an
appreciably larger size, while males develop significantly longer claws and tails
(Gibbons 1990).

Although accounts of year round courtship exists in some areas, courtship occurs
primarily in late winter and early spring. Females are able to retain viable sperm for
months following copulation and come ashore during late spring to excavate a
subterranean chamber in which eggs are laid. Incubation lasts for three months and
the newly emerged hatchlings may overwinter in the nesting chamber. Overwintering
hatchlings emerge in the following spring and enter the nearest body of water
(Gibbons 1990).

Dispersal events in T. scripta are correlated with age and maturity, as juveniles do
not initiate extrapopulational movement until the onset of maturity (Gibbons 1990).
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The Morphology and Locomotor myology of Chelydra and Trachemys
The current understanding of the gross anatomy of the turtle locomotor apparatus is
largely, if not wholly, grounded in the Zug and Walker studies, two papers that
sought to examine variations in osteology and myology across a number of different
turtle clades (Zug 1971, Walker 1973). Walker’s 1973 study utilized Pseudemys as a
baseline model, dissecting and diagramming the morphology of Pseudemys, and
comparing and contrasting the morphology of other taxa (Walker 1973). The Zug
study scrutinized the pelvic girdle, dissecting and diagramming across clades to
document variations in the shape and configuration of the pelvic girdle and muscle
attachments (Zug 1971). While these two studies are now understood as baseline
studies on turtle locomotor morphology, they are far from comprehensive, suffering
from omissions as well as discrepancies in naming and muscle placement.
Trachemys are the species of choice for many morphology, functional morphology
and physiology studies as their morphology is covered in more detail. Chelydra
currently lacks systematic description of the postcrania, and most aspects of its
postcranial morphology remains undocumented in the literature. The following
anatomical review seeks to compile existing qualitative data on the plastral
morphology, girdle morphology and myology of both species.

The Plastron
The ventral portion of the turtle shell is formed by the plastron, bony plate covered
by keratinous scutes (Carr 1952). Unlike the carapace, the evolutionary history of
the plastron is largely unknown and under intense debate. Proganochelys, the
earliest fossil turtle with a complete shell, already possessed a highly developed
12

carapace and plastron sutured tightly at the bridge and between the plastral
elements with boney interdigitations (Joyce 2007), while the most primitive known
turtle, Odontochelys, only preserves a plastron (Li et al. 2008) with no carapace,
though this has been suggested as being a derived secondary condition with respect
to carapacial reduction (Reisz and Head 2008). This tightly sutured, “solid shell”
condition appears to be a basal trait and is shared by all pleurodires, and most
cryptodires with Chelydridae being one of the few exceptions (Joyce 2007).

C. serpentina is notable for its highly reduced, poorly ossified and loosely attached
plastron, and the loss of a bridge in the carapacial plastron connection (Joyce 2007).
The reduced cruciform plastron is ancestral to the clade, with additional reduction of
the anterior processes of the hyoplastron in C. serpentina, as well as a reduction in
the ossification of the plastral elements (Hutchison 2008). Central fontanelles in the
plastron are retained in the adult condition, a paedomorphic trait that is lost in most
other turtles (including Proganochelys) during ontogeny (Joyce 2007). The plastron
is loosely joined to the carapace by cartilage, a highly derived condition that is not
shared in basal turtles and in more derived turtles (Joyce 2007).

In contrast, T. scripta possesses a robust plastron that is extensively sutured to the
carapace along the bridge. The plastral elements are heavily ossified and covered
superficially with a heavy layer of keratinous scutes. The central fontanels are lost
during development. The large unhinged plastron is wider anteriorly. Posteriorlly the
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plastron ends in a deep midline notch. The wide bridge occupies 33 to 40 percent of
the total plastron length (Ernst 1990).

The plastron of turtles is composed of nine elements: the epiplastron, hyoplastron,
hypoplastron and xiphiplastron, and the single unpaired entoplastron (Sheil and
Greenbaum 2005).

Figure 1.3. Plastron elements of C. serpentina. Label locations taken from (Sheil and
Greenbaum 2005).

Epiplastron,
The paired epiplastron (red) form the anterior border of the plastron.
In C. serpentina, the paired elements of the epiplastron converge at their anterior
medial border, but do not fuse, and are joined by connective tissue. Posteriorly, the
epiplastron overlay the anterior border of the entoplastron medially and are weakly
joined to the lateral most borders of the hyoplastron (Sheil and Greenbaum 2005;
Cebra-Thomas et al. 2007).
14

Entoplastron.
The entoplastron (blue) is an unpaired median bone along the midline, situated at
the anterior border of the plastron (Cebra-Thomas et al. 2007).
In C. serpentina, the entoplastron is a medial T-shaped element, articulating
immediately posterior to the paired epiplastron elements (Sheil and Greenbaum
2005; Cebra-Thomas et al. 2007).

Hyoplastron
The hyoplastron (yellow) forms the anterior of the bridge, terminating laterally at the
axillary buttress. During development, the posterior margin of the hyoplastron forms
the anterior border for umbilical fontanel, and the attachment area of the yolk sac.
The paired hyoplastron elements in C. serpentina are thin and broad, interdigitating
irregularly along the midline and extending laterally to terminate at an irregular
margin at the bridge of the shell (Sheil and Greenbaum 2005; Cebra-Thomas et al.
2007).

Hypoplastron
The hypoplastron (green) forms the inguinal buttress of the bridge. It’s anterior
margin borders the posterior border of the umbilical fontanel during development
(Cebra-Thomas et al. 2007).
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Xiphiplastron
The paired xiphiplastral elements (purple) form the posterior border of the plastron.
In C. serpentina the xiphiplastron are slender and often poorly ossified. Anteriorly,
they extend along the posterior lateral fringe of the hypoplastron. Posteriorly, they
converge irregularly at the midline, but do not fuse, being joined with connective
tissue (Sheil and Greenbaum 2005; Cebra-Thomas et al. 2007).

The Pectoral Girdle

Figure 1.4. Comparative osteology of the pectoral girdles of Chelydra and
Trachemys. Label locations taken from (Walker 1973) Image redrawn from original
photography.
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The pectoral girdle of turtles is comprised of the coracoid and the scapula, both of
which are heavily derived from the basal tetrapod condition. Suspended inside the
shell with connective tissue, the pectoral girdle provides attachment for muscles
associated with the forelimbs and neck. The turtle scapula is columnar, and the body
of the scapula is suspended from the carapace, near the vertebral column,
extending ventrally and ending in the enlarged acromion process and glenoid fossa
(Walker 1973).

The large acromion extends off the scapula medially, and forms an L shaped angle
with the columnar scapula. The acromion process is compressed in the dorsalventral plane and approaches the ventral midline. The coracoid is a paddle-like
structure ventrally fixed to the scapula along the posterior border, extending off into
the caudal direction. The humerus extends anteriorly from the glenoid and is bowed,
forming a slight arch. The ulna and radius are proportionally shorter than the
humerus and exhibited some degree of dorsal-ventral compression (Walker 1973).
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The Pelvic Girdle

Figure 1.5. Comparative osteology of the pelvic girdles of Chelydra and Trachemys.
Label locations taken from (Walker 1973) Image redrawn from original photography.

The osteology of the pelvic girdle is somewhat less derived than the shoulder girdle
in comparison to other tetrapods (Rieppel 1999). The structure of the pelvis differs
slightly between species and shares general characteristics (Orenstine 2001). The
18

pelvic girdle of T. scripta is a sling-like structure, dorsally fixed to the sacrum by the
illium. Like the thoracic and lumbar vertebrae, the sacrum is fused and incorporated
into the ventral surface of the carapace near the caudal border.

Ventrally, the pubis extends forward, coming to a paired anterior process known as
the epubis (Walker 1973). The epubis is preceded by the epipubic cartilage which
begins at the anterior border of the epubis and extends anteriorly along the ventral
midline. The pubis is a lateral elaboration in the anterior border of the pelvis anterior
to the paired obturator foramina, extending laterally past the head of the femur. The
obturator foramen is situated parallel to the ventral plane of the pelvis and borders
the ventral midline, divided in the center by connective tissue.
The ischium is obliquely angled and extends in the caudal direction off the posterior
border of the pelvis.
The acetabulum is directed laterally at the widest point of the lateral border of the
pelvis. The head of the femur is directed anteriorly and angles obliquely toward the
ventral midline. The trochanter of the femur lies caudal to the head of the femur and
is directed posteriorly. The femur extends laterally from the pelvis and angles slightly
anteriorly with a slight downward arch. The tibia and fibula are columnar with a
space in between formed by a shallow depression in the medial border of the tibia
and the lateral border the fibula (Walker 1973).
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Pectoral Musculature: a literary review
Through a detailed description of the myology of Chrysemys, the painted turtle,
Walker attempted both to homologize all previous muscular synonomies, as well as
synchronize terminology with that of lizards (Walker 1973; Zug 1971). Walker’s
terminology is followed here.

Latissimus Dorsi and Teres Major
Latissimus dorsi and teres major are closely associated and share the same
developmental origin. Thus, their degree of separation varies between taxa and in
some instances they can be regarded as one muscle with two separate origins.
Latissimus dorsi originates on the carapace while teres major originates on the
anterior surface of the scapular prong. Latissimus dorsi and teres major share a
single insertion at the head of the humerus and serve primarily as abductors of the
limb (Walker 1973; Zug 1971).

Subscapularis
Subscapularis is the largest of the girdle muscles on the dorsal surface of the
scapula, and it’s insertion covers most of the area associated with the scapular
prong. It inserts on the medial process of the humerus and is a powerful adductor of
the arm (Walker 1973; Zug 1971).
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Triceps Brachii
Triceps brachii in turtles consists of two heads, the scapular head and humeral head.
The scapular head attaches at the scapula just dorsal to the glenoid cavity, whereas
the humeral head attaches along the shaft of the humerus. Both sections converge
on a common tendon that inserts in the olecranon process of the ulna (Walker 1973;
Zug 1971).

Pectoralis
The forelimb musculature is dominated ventrally by pectoralis major, which
originates form the lateral process of the humerus and radiates medially to attach to
the corresponding muscle at the ventral midline. Posteriorly, pectoralis extends
caudally and inserts into the fascia border of rectus abdominus on the hind limb
complex (Walker 1973; Zug 1971).

Supracoracoideus
The supracoracoideus consists of two diverging muscle bellies that both originate
from the lateral process of the humerus. The superior section of supracoracoideus
travels medially to attach on the border of the acromiocoracoid ligament. The inferior
arm of supracoracoideus is angled obliquely and attaches on the border of the
coracoid. The muscle mainly serves to adduct the humerus. In Chelydra, small
sections of the superior portion originate from the plastron (Walker 1973; Zug 1971).
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Coracobrachialis
Coracobrachialis is one of the largest of the pectoral muscles, and arises on the
dorsal surface of the coracoid, inserting on the medial process of the humerus.
Coracobrachialis magnus is homologus to the Coracobrachalis longus in lizards, and
serves primarily to retract the humerus (Walker 1973; Zug 1971).

Biceps
The biceps complex is an association of two muscles, Bicep superficialis and Biceps
profundus. These two muscles are separated by a tendon and vary in configuration
and size in correlation with locomotion (Walker 1973; Zug 1971).

Bicep superficialis is a deep to supracoracoideus, and originates on the ventral
surface of the coracoid, inserting into a sheet of connective tissue at the axilla
(Walker 1973; Zug 1971).

Biceps profundus originates from the posterior border of the coracoid and inserts on
the ulna via a tendon of insertion that is shared with brachialis (Walker 1973; Zug
1971).

Brachialis
Brachialis originates from the anterior surface of the humerus and inserts on the
ventral surface of the ulna, and serves as a flexor of the forearm (Walker 1973; Zug
1971).
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Deltoidius
Deltoid lies deep to pectoralis and begins at the proximal end of the humerus and
attaches to the interior surface of the anterior border of the plastron.
The deltoid in turtles is highly variable across species and exhibits varied association
with the plastron and the acromion process (Walker 1973; Zug 1971).

The Pelvic Musculature: a literary review
The myological structure of the pelvic locomotor apparatus can be readily partitioned
into several main groups by their function and innervation. The dorsal muscles
consists of those innervated by dorsal nerves from the lumbo-sacral plexus, the
peroneal and femoral nerves. These primarily consist of two dorsal muscles,
Puboischiofemoralis internus and Illiofemoralis that run from the pelvic apparatus to
the femur, one that runs from the pelvic apparatus to the fibula, the illiofibularis, and
the large multi-sectioned triceps femoris complex (Walker 1973).

Puboischiofemoralis internus
Puboischiofemoralis internus is the largest muscle of the pelvic apparatus,
originating on the dorsal surface of the pubis in chelydrids and interdigitating with
Puboischiofemoralis externus along the midline and inserting at the dorsal neck of
the femur and trochanter minor (Walker 1973; Zug 1971). The muscle serves mainly
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to protract the leg as well as rotate the dorsal surface of the femur in the anterior
direction. This muscle exhibits variation in origin correlating to mode aquatic
locomotion. In Chelydra and other bottom walking turtle, the puboischiofemoralis
internus exhibits a single origin on the pubis, while in swimming species such as
testudinids and trionychids it exhibits a double insertion on the pubis and illium, the
attachment often expanding to encompass adjacent vertebrae (Walker 1973; Zug
1971).

Illiofemoralis
Illiofemoralis originates on the illuim, the last dorsal and first sacral vertebrae. It
inserts on the dorsal surface of trochanter major, and serves as a protractor and
adductor of the femur (Walker 1973; Zug 1971).

Illiofibularis
Illiofibularis originates from the posterior border of the iliac crest and inserts on the
dorsal surface of the fibula. The main function of Illiofibularis is the abduction of the
limb, an unusual function given its dorsal placement (Walker 1973; Zug 1971).

Triceps
The triceps femoris complex consists of three muscles, associated with the femur,
that share a common tendon of insertion on the proximal end of the tibia. Together,
illiotibialis, ambiens and femorotibialis can be considered a single functional unit in
their unified role in extending the foot and abducting the limb (Zug 1971). In
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Chelydra, Illiotibialis originates from a single attachment point on the distoanterior
border of the illium, the anterior origin of which is thought to be associated with
bottom walking (Walker 1973). The origin of ambiens varies across taxa. In Chelydra
it originates in the anterior portion of the pubioischiadic ligament, assisting in the
adduction and protraction of the thigh. Femorotibialis originates along the dorsal
surface of the femur and its position is plesiomorphic to all cryptodires (Walker 1973;
Zug 1971).

The ventral muscles consist of those innervated by the ventral nerves of the
lumbosacral plexus, the obturator and tibial. The ventral musculature of the pelvic
locomotor apparatus can be readily partitioned into two groups, those that originate
on the girdle elements and insert on the femur, and those that originate on the girdle
and insert on the tibia.

Pubioischiofemoralis externus
Pubioischiofemoralis externus is the largest and most anterior of the pelvic flexors. It
originates in an irregular inter-digitating fashion along the midline of the pelvic girdle
and epipubic cartilage. In most cryptodires, it consists of 2 distinct masses, while in
Chelydra, it consists of three. All three portions converge and insert on the proximal
border of the minor trochanter to serve as an adductor of the femur (Walker 1973;
Zug 1971).

Caudi-illiofemoralis
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Caudi-illiofemoralis lies caudal to Puboischiofemoralis externus and originates from
the second sacral vertebrae. While the size and surface area of the origin is highly
variable, the centering and position of origin remains highly conserved in all
cryptodires. The muscle inserts along the posterior border of the femur, deep to
ischiotrochantericus, and is responsible for the abduction and retraction of the limb
as well as counter clockwise rotation. Caudi-illiofemoralis in turtles serves as the
homologue to Caudifemoralis brevis in lizards, and shares a similar patterns of
innervation and embryological origin (Walker 1973; Zug 1971).

Ischiotrochantericus
Ischiotrochantericus functions primarily as a retractor of the femur and originates on
the dorsal surface of the fascia of the thyroid fenestra and inserts at the major
trochanter of the femur. The origin and insertion of Ischiotrochantericus is highly
conserved in all cryptodires.

Adductor femoris
Adductor femoris is also highly conserved in all cryptodires with the exception of
Trionyx. In Chelydra, it originates from the lateral ischiadic process and inserts along
the length of the femoral shaft.

The flexor cruris group
The remaining four muscles of the lower leg cross both the hip and knee joints, and
can be understood as a single functional unit, with each muscle originating from the
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pelvic girdle and inserting on the crus to function in the flexion of the crus and the
abduction of the limb. The group is referred to as the flexor cruris group an consists
of flexor tibialis internus, flexor tibialis externus, puboischiotibialis, pubotibialis

Chelydra exhibits a double-headed origin of Flexor tibialis internus with one
origination on the posterior later border of the liilum and the other on the second
sacral rib. Both heads insert into a single insertion verntrally in the anterior portion of
the tibia. Flexor tibialis externus in Chelydra exhibits a single origin dorsally on the
metischial process. The muscle splits into a double insertion, and the heads attach
at the ventral posterior border of the tibia as well as the distal end of the aponerosis
of the gastrocnemius. Puboischiotibialis is widely believed to be a vestigial muscle
and is absent or extremely reduced in most cryptodires. It is varyingly reported to
exist in Chelydra and is bound closely with flexor tibialis, sharing an origin and
insertion. Pubotibialis originates from the ischiadic and inserts with the rest of the
flexor cruris group on the ventral posterior border of the tibia (Walker 1973; Zug
1971).

Chapter II: Materials and Methods
Specimens of Chelydra serpentina and Trachemys scripta elegans were obtained
from collections. Three preserved specimens of Trachemys scripta elegans were
originally purchased from Wards biological supply and donated by the Siedel
teaching collection. The specimens had been pre-injected with a 10% formalin
solution and stored in 70% ethanol. Three specimens of Chelydra serpentina (WVBS
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13101, WVBS 3218 and WVBS 4121) were donated by Dr. Thomas Pauley from the
West Virginia Biological survey. The specimens had been pre-injected with a 10%
formalin solution and stored in 70% ethanol. We are aware that differences in
storage length represent an uncontrolled variable. However, previous myological
studies have not taken storage length into consideration, and it is assumed
minimally affect the data collected (Abdala et al. 2008).

Prior to dissection, general quantitative data on each specimen was recorded. The
genus, species and collection catalog number were recorded.

Specimens of

Trachemys were sexed according to claw length, tail length, shell shape and other
external sexually dimorphic features. Chelydra lack most external sexually dimorphic
characteristics commonly found in other aquatic species and were sexed according
to cloacal placement and internal reproductive structure. Only mature specimens
were used for this study, and it is assumed that all specimens have reached sexual
maturity.

Specimens were removed from ethanol, shaken to drain, and blotted dry with paper
towels. Specimens were then individually placed in a perforated plastic bag (to allow
fluid to drain) and weighed with a field scale to the nearest 0.5 of a kilogram. The
plastic bag was then weighed individually and the resultant weight subtracted from
the total weight to produce the weight of the specimen. It is to be noted that total
body weights for all specimens are subject to error from variances in water volume
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within the coelom and connective tissue, as well as general hydration levels of the
specimens (Abdala et al. 2008).

All specimens were measured at pre-determined benchmarks with sliding calipers to
the nearest 0.5 millimeter. Snout to vent length was taken ventrally, and is defined
as the distance from the anterior most border of the nasal rostrum to the center of
the cloaca along the midline. It is to be noted that snout to vent length for all
specimens are subject to error due to preservation posture. Turtles are unique
among reptiles in the ability to retract their heads and necks into the shell. Preserved
specimens exhibited variability in degree of head retraction, such that snout to vent
length may not correlate closely with actual body size.

In accordance with turtle measurement conventions, two variables for carapace
length was obtained. Carapace length at the midline was obtained with calipers from
the anterior most border of the nuchal scute along the midline to the posterior most
border of the pygal scute of the carapacial border. Carapace length (longline) was
obtained anterior most border carapace to the posterior border of the carapace, and
accounts for protrusions and shell serrations. Data was taken to the nearest 0.5
millimeter, and carapace curvature was not accounted for in the measurement of this
variable.
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Figure 2.1. Carapacial Length and width

Carapacial width was determined with a transverse measurement that bisects the
third vertebral scute of the carapace in both species. The data was taken with
calipers to the nearest 0.5 millimeter, and does not account for shell curvature.

Plastron length was obtained with calipers from the anteriormost border of the
epiplastron along the midline to the posterior most border of the xiphiplastron. Data
was taken to the nearest 0.5 millimeter. In Trachemys, the posterior border of the
xiphiplastron is deeply notched. Plastron length was thus taken from the posterior
most border (see diagram.)
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Figure 2.2. Plastron Length and width

Plastron width was obtained with calipers transversely across the suture of the
hyoplastral and hypoplastral elements. Data was taken to the nearest 0.5 millimeter.
In Chelydra, the plastron and carapace remain discrete elements due to the absence
of bridge ossification. The plastron was this measured along the transverse suture at
the lateral edge. In Trachemys, the plastron and the carapace are connected by a
well ossified bridge and lack distinct separation. The plastral width was thus taken as
the length of the suture between the hyoplastral and hypoplastral elements, ending
at the lateral angle of bridge as the plastron joins the carapace.

Bridge size was obtained with calipers saggitally across the interface between the
plastron and the carapace. Data was taken to the nearest 0.5 millimeter and
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encompasses the total length of the interface of the hyoplastron and the
hypoplastron with the carapacal border.

Figure 2.3. Skull width and length

Skull length was obtained with calipers from the anterior most border of the nasal
rostrum along the midline to the posterior most border of the supraoccipital. Skull
width is defined as a measurement of the distance between the lateral borders of the
postorbital. Measurement was taken was taken transversely across the skull
immediate posterior to the orbit. Data was taken to the nearest 0.5 millimeter.

Body depth was taken with calipers to the nearest 0.5 millimeter and is defined as
the distance from the highest point of the dorsal carapace to the ventral plastron.
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General specimen data is recorded in a excel spreadsheet, and specimens were
then dissected to expose the musculature of the locomotor apparatus. Dissection
began with the removal of the plastron. In Trachemys specimens, the plastron was
sawed open at the lateral edges of the bridge. Chelydra lacks a well ossified bridge.
The plastron in Chelydra was thus separated by cutting through the cartilage that
anchors the plastron to the carapace.

Following the separation of the plastron, scalpels were used to separate the tissue
superficially attached to the dorsal surface of the plastron. Scalpels were carefully
inserted into layers of connective tissue on the dorsal surface of the plastron to
separate rectus abdominus, pectoralis, and deltoid from their insertions on the
plastron, as well as separate the cartilaginous interface between the pelvis and the
plastron. Dissection proceeded with the removal of superficial connective tissue on
the surfaces of muscle masses. Limbs and associate areas were skinned and
cleaned of fascia, fat, subdermal glands and other connective tissues. Specimens
were wrapped in paper towels soaked in 70% ethanol between dissections and
bagged to reduce dessication. Dissected specimens not undergoing immediate data
collection were re-submerged in 70% ethanol in the Marshall Herpetology Lab.

Muscles associate with the locomotor apparatus were identified from the literature.
Qualitative data on muscular arrangement, origin, and insertions were documented
via photography. Current literature on Chelydra morphology is conspicuously lacking
in descriptive mycological studies for the postcrania. The myology of the Chelydra
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locomotor apparatus was diagrammed via drawing and described to encompass
origin, insertion, and variances present between Chelydra and Trachemys. Relevant
muscles were excised at the origin and insertion, and scraped with the scalpel blade
to remove associated connective tissue and superficial fascia. Muscles with
insertions on the plastron that had been damaged or fragmented from plastron
removal were carefully reconstructed and the reconstructed masses weighed.
Chelydra exhibits a number of variations in myology from the full plastron condition
of Trachemys. In Chelydra, pectoralis is bifurcated to form pectoralis medialis and
pectoralis lateralis (see detailed description), and represents two distinct muscle
masses not present in the Trachemys condition. The aforementioned subsections of
pectoralis were weighed individually and weights recorded. The sum of both weights
was taken as the total weight of pectoralis, in comparison to the non-bifurcated
condition in Trachemys. In the turtle condition, supracoracoidius is bifurcated into
two distinct insertions along the ventral surface of the scapula and coracoid
respectively. Variances in mass between both subsections of supracoracoideus
differ independently, and data was recorded separately for each branch. The
scapular branch of supercoracoidius is referred to in the data as supercoracoidius
anterior. The coracoid branch of supercoracoidius is referred to in the data as
supercoracoidius posterior. Naming conventions conform to pre-established
precedent set by Walker (Walker 1973.)

Excised muscles were submerged in ethanol overnight in specimen jars to
allow full hydration, in attempt to control mass variability created by desiccation.

34

Muscles were then removed from ethanol, patted dry with paper towels and
weighed to the nearest 0.01 gram (Abdala et al. 2008) with a standard flatbed
lab scale (Ohaus Corporation, USA). The scale was tared prior to every weighing
and each muscle was weighed twice to limit scale error. Muscle weights were
recorded in grams and muscles were stored in specimen bags following data
collection. Specimen bags were labeled with specimen number, species,
contents, the side of body from which the muscle originated, and recorded
weight.

Quantitative data was analysed using univariate analyses of co-variance
(ANCOVA, One-Way ANCOVA for Independent Samples [Lowry, 2011]) to test
for significant differences in muscle mass between Trachemys and Chelydra
using carapace midline length as a covariate to standardize data. Separate
tests were carried out for each muscle mass and then further tests were done
to compare some muscles as whole groups (e.g. biceps, supracoracoideus,
triceps femoris, dorsal and ventral pectoral muscles, and dorsal and ventral
pelvic muscles) in order to predict whether statistically significant differences
could be observed at the level of individual muscles, muscle groups and entire
embryological divisions of muscles (following Romer 1942, 1944). Vasserstats, a
piece of online freeware used in statistical analysis was used to derive the P values
of each sample set. A sample set being defined as mass data collected on a single
muscle over all specimens of each taxa. Covariate analysis was repeated with
geometric mean as well as skull length as the covariate. The data was recorded and
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charted with an emphasis on P-value significance. P-values were analyzed and
compared across taxa, and inferences on function and morphological trends were
made based on P-value comparison.
Photographic documentation were made of the various dissections and diagrams
were drawn based on photographic data and notes taken during dissections.
Inferences on mycological function and morphological trends were assimilated from
and analysis of the quantitative data in conjunction with qualitative observations.

The following section details qualitative and quantitative comparison of mycological
structures between the two taxa and makes inferences on mycological and
morphological trends based on the analysis. A through description is given for each
muscle and its condition in each taxa. The plastron is described and the differences
between taxa compared.An examination is made of general trends in myology with
an emphasis on variations between the two taxa.
The Plastron: a qualitative description

The plastron of C.serpentina and T. scripta share similar structural qualities but differ
significantly in their respective bony and cartilaginous morphology.

The plastron of C.serpentina is highly reduced and poorly ossified. It is loosely
anchored to the carapace by cartilage and connective tissue at the ventral surface of
the carapacial border. No bridge is present, and much of the plastron rests in a
same geometric plane, with no change in angle in any of its components. The
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Chelydra plastron is cruciform, and possesses significant levels of lateral reduction
associated with the locomotor apparatus. In addition to a reduction in the anchoring
ossification between the plastron and the carapace, it is important to note that the
bony elements of the Chelydra plastron also exhibit a reduction of ossification along
the plastral sutures. This dissociation between ossified elements of the plastron,
allows a limited degree of mobility between many plastral elements. As such, the
Chelydra plastron has the capacity to flex along the midline, as well as limited
degrees of deformation between the other plastral elements.

A number of limb adductors, primarily those of the pectoral girdle, anchor on the
dorsal surface of the plastron, and it is possible that some deformation of the
plastron occurs during locomotion. The degree of plastral flexion during locomotion,
if any, is unknown, as is the implications of plastron deformation during locomotion.

T. scripta possesses a robust plastron that is extensively sutured to the carapace
along the heavily ossified bridge. The plastral elements are heavily ossified and
covered superficially with a heavy layer of keratinous scutes. The large, unhinged
plastron is wider anteriorly and ends posteriorly in a deep midline notch. The bridge
occupies 33 to 40 percent of the total plastron length (Ernst 1990).

The plastron of both taxa are composed of nine elements: the paired epiplastron,
hyoplastron, hypoplastron and xiphiplastron, and the single medial entoplastron.
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Figure 3.1. Plastron elements of C.serpentina and T. scripta. Label locations taken
from (Sheil and Greenbaum 2005).

Epiplastron,
In both taxa, the paired epiplastra (red) form the anterior border of the plastron. The
epiplastra of C.serpentina are gracile, pointed posteriorly, and covered by a thin
layer of keratinous scutes. Though the epiplastra converge at their anterior medial
border, they do not fuse and are instead joined by connective tissue. Posteriorly the
epiplastra overlay and join with the anterior border of the entoplaston. At the
posterior lateral border the tips of the epiplastra converge with the lateral edge of the
hyoplastral elements. While all elements are joined by connective tissue, they
remain unfused discrete elements. (see figure 3.1)

In Trachemys, the epiplastra are robust, thickly ossified, squarish elements. They
rest on the same plane as the entoplastron and fuse in a heavily ossified fissure.
Unlike the Chelydra condition, the epiplastra of Trachemys fuse along the midline in
a heavily ossified suture and are covered superficially by thick keratinous scutes.
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Posteriorly, the epiplastra border anterio-medially along the anterior borders of the
hyoplastron (see figure 3.1).

Entoplastron.
The entoplastron (blue), is an unpaired median bone along the midline ) in both taxa,
immediatedly posterior to the epiplastra (see figure 3.1). In Chelydra, it is bordered
posteriorly by the paired anterior fontanels, and is nearly a floating element, being
only loosely joined to the epiplastral elements anterior to it. Posteriorly, it extends
along the midline and invades the median suture of the hypoplastron at its anterior
border. In Trachemys, no fontanels exist in the plastron, and the entoplastron is
tightly sutured on all sides and heavily ossified, being covered superficially with
keratinous scutes.

Hyoplastron
The hyoplastron (yellow) forms the anterior of the bridge, and is one of the largest
plastral elements in both taxa (see figure 3.1). In both taxa, it rests ventral to the
posterior of the pectoral girdle and forms the anterior portion of the bridge. In
Chelydra, the hyoplastral elements meet along the midline at an irregular suture but
do not fuse, being capable of flexion and joined by connective tissue. In Trachemys,
the hyoplastron are heavily ossified and tightly sutured, both anteriorly and
posteriorly, and also laterally along the carapacial border. At the bridge, the
hyoplastron elements undergo a change in angle in the dorsal direction to join with
the carapacial elements (see figure 3.1).
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Hypoplastron
The hypoplastron (green) forms the posterior edge, or inguinal buttress of the bridge.
In both taxa, it joins anteriorly with the hyoplastron and posteriorly with the
xiphiplastron. In Chelydra, the hypoplastron does not suture along the midline and
ends at a point posteriorly, being bordered laterally with the xiphiplastron. In
Trachemys, sutures between the carapace, hyoplastron and the hypoplastron are
tightly sutured. The hypoplastron suture posteriorly with the xiphiplastron along a
tightly ossified horizontal suture (see figure 3.1).

Xiphiplastron
The paired xiphiplastral elements (purple) form the posterior border of the plastron.
In C.serpentina the xiphiplastron are slender and poorly ossified elements. They
extend along the posterior lateral fringe of the hypoplastron and form the lateral
border of the posterior carapace. Posteriorly, the paired xiphiplastral elements
converge irregularly along the midline, but do not fuse, and are joined with
connective tissue. Like all of the Chelydra plastron, the actual surface area of the
xiphiplastral elements are extended bordered by connective tissue. In Trachemys,
the xiphiplastron is heavily ossified and tightly sutured both along the midline and
also to the border of the hypoplastron just anterior. Covered in thick keratinous
scutes, the xiphiplastron in Trachemys forms the posterior lateral border of the
plastron.
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Plastral Myology
It is important to note that plastral area is not necessarily a direct correspondent with
the available area of muscle attachment (figure 3.2). In Chelydra, the entirety of the
dorsal surface of the plastron is available for muscle attachment, although not all of it
is used. In Trachemys, the attachment site of the plastron is bordered on the anterior
and posterior ends by a large overhanging flange. Thus, areas of potential plastral
muscular attachment does not correspond with the actual shape of the plastron.

Figure 3.2. Avaliable area of muscular attachment on the plastrons of both taxa.
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Pectoral Musculature

Latissimus Dorsi and Teres Major
Latissimus dorsi and teres major are two closely associated muscles of the dorsal
scapula that share a common insertion. The morphological variation between these
two muscles in Trachemys and Chelydra are minor.
In latissimus dorsi, minor morphological differences exist between the Trachemys
and Chelydra condition. In both taxa, the origin and insertions of latissimus dorsi
remain the same. Latissimus dorsi originates on the ventral surface of the carapace
and extends ventrally and expands lateral to anchor alrong the acromial process and
the head of the humerus. In Chelydra, latissimus dorsi exhibits a slight partitioning of
the muscular body and expands into two poorly delineated muscle bellies. This slight
partitioning of latissimus dorsi is absent in Trachemys. Proportionally, Latissimus
dorsi also appears to be a thicker, more robust muscle in Chelydra.

Teres major shares a point of origin with Latissimus dorsi on the ventral surface of
the carapace, at the root of the scapular prong. From its origin, it travels ventrally
and attaches along the scapular prong superficial to subscapularis. The origin and
insertion of teres major varies little between taxa, and only exhibits variance on
proportional size. In Trachemys, teres major is somewhat shorter and possesses a
proportionally smaller area of insertion on the scapular prong in comparison to
Chelydra.
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Subscapularis
Subscapularis lies on the dorsal surface of the scapula and functions as a major
abductor of the humerus. Very little variation of subscapularis exists between
Trachemys and Chelydra. In both taxa, subscapularis originates on the
the posterior surface of the scapular prong, its origination encompassing much of
the area of the prong beneath teres major. The muscle travels a short distance
laterally on the tursal surface of the acromion process and attaches at the head
of the humerus. In both taxa, subscapularis is a short, powerful abductor with little
proportional variation.

Triceps Brachii

Figure 3.3. Triceps brachii comparison in Chelydra and Trachemys.
HM humerus, CO Coracoid, SC scapula.
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The Triceps brachii complex consist of two diverging muscle bellies situated on the
anterior surface of the pectoral girdle. The muscle is composed of the scapular head
and the humeral head, both of which converge into a single fascial sheet that
attaches at the anterior surface of the olecranon. The scapular head lays superficial
to the humeral head and attaches in the interior angle formed by the scapular prong
and the acromion process. The humeral head of triceps attaches at the head of the
humerus. The origin and insertion locations of both heads remain largely conserved
in both taxa, but differ in the morphology of the muscle itself.

In Trachemys, the scapular head of triceps covers the entire anterior surface of the
humerus, but also expands ventrally and dorsally, completely obscuring the deep
portion of triceps beneath it. By contrast, in Chelydra, the scapular head of triceps is
a narrow band confined to the anterior surface of the joint. Beneath the scapular
head, the large robust humeral head is readily apparent and exhibits a much greater
degree of separation than the Trachemys condition. The variance in muscular
structure in Trachemys and Chelydra is supportive of a reappropriation of primary
power to the second humeral head of triceps in the Chelydra condition.
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Pectoralis

Figure 3.4. Pectoralis comparison in Chelydra and Trachemys. HM humerus, CO
Coracoid, SC scapula.
The forelimb musculature of Chelydra is dominated ventrally by pectoralis major, a
condition shared by Trachemys. The large pectoralis is bifurcated in Chelydra,
possessing a double origination on both the plastron and carapace that insert
together into an aponerosis that attaches to the delto-pectoral crest at the head of
the humerus.

Pectoralis medialis originates medially, from the dorsal surface of the plastron,
attaching in a wide area on the fascial covering of the plastral bones. The
attachment is quite large, and begins just inside the plastron, covering much of the
interior surface of the hyoplastron and hypoplastron, and ending at the midline,
meeting with the border of pectoralis on the other side.
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Pectoralis lateralis originates laterally on the interior of the carapacial border, its
fibers fanning out laterally to encompass much of the perimeter of the carapace. The
superior border of pectoralis lateralis runs along the carapacial border, rising past
the limb anteriorly to form a sling around the base of the limb. The muscle attaches
dorsally to the limb itself on the anterior edge of the carapace. At its posterior border,
the origin of pectoralis lateralis extends deep to the external oblique, attaching at the
posterior border of the shell near the caudal region.

The area of demarcation between the muscle bellies of pectoralis medialis and
pectoralis lateralis is unclear. Fibers of pectoralis attach at the fascia of the humerus
and fan out across the body, forming a continuous sheet that separates into two
distinct origins along the lateral bars of the cruciform plastron. It is important to note
that while the lateral branch of pectoralis crosses the lateral bars of the cruciform
plastron, they do not attach there, and instead bypasses the area to attach on the
nearby carapacial border.

In Trachemys, pectoralis forms one continuous mass, originating along the midline
of the dorsal surface of the plastron along its superior portion. Inferior to the pectorial
girdle, the origin of pectoralis continues to travel parallel to the plastron, inserting
onto the fascial covering in a fan like configuration. At its posterior border, pectoralis
inserts into the fascia border of rectus abdominus on the hind limb complex. The
lateral edges of pectoralis run along the edge of the carapacial border, but never
attach there.
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In Chelydra, the lateral branch of pectoralis forms a thick muscular connection that
links the pectoral girdle, plastron and carapace. In Trachemys, distinct from the
Chelydra condition, pectoralis is limited to the plastron and exhibits no lateral
radiation of its fibers, the interior of the bridge is devoid of any muscle.

Supracoracoideus

Figure 3.5. Supracoracoideus comparison in Chelydra and Trachemys.
HM humerus, CO Coracoid, SC scapula.

The Supracoracoideus of turtles is composed of two diverging muscle bellies that
inserts on the delto-pectoral crest of the humerus. The morphology, function and
general configuration of supracoracoideus is very similar in Chelydra and Trachemys
with some structural variations.
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The anterior-most portion of supracoracoideus (Supracoracoidius anterior) travels
medially along the acromion process to attach on the border of the acromiocoracoid
ligament, as well as the medial border of the acromion process.
In Trachemys, the insertion of supracoracoidius anterior is limited to the medial
border of the acromion and the acromion coracoid ligament. In Chelydra however,
sections of the supracoracoidius anterior traverse the border of the acromion to
anchor on the cartilage of the central fontanels between the epiplastron and the
entoplastron. In addition, the supracoracoidius anterior

in Chelydra exhibits a

proportionally smaller area of attachment on the ventral surface of acromiocoracoid
ligament, in comparison to Trachemys. In Trachemys, Supracoracoideus exhibits
extensive association with the ligament, the insertion encompassing nearly the entire
area of the ligament. The Chelydra condition exhibits some association with the
acromiocoracoid ligament, however, the insertion does not travel along the length of
the ligament, as is the condition in Trachemys. In addition to aforementioned
variances, it is important to note that the anterior branch of supracoracoideus
expands dorsally at its anterior border to encompass portions of the dorsal surface
of the acromion process.

The posterior portion of Supracoracoideus (Supracoracoideus posterior) is a pinnate
muscle and the larger of the two muscle bellies. From its insertion at the deltopectoral crest of the humerus, it travels obliquely in the medial direction to attach on
the medial border and ventral surface of coracoid, and mainly serves to adduct the
humerus

(function

inferred

from

observation).
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The

inferior

branch

of

supracoracoideus is very similar in angle, and configuration on both species, but is
slightly reduced in size in Chelydra, correlating with the proportionally smaller and
laterally

reduced

coracoid

in

Chelydra.

Deltoidius clavicularis

Figure 3.6. Deltodeus comparison in Chelydra and Trachemys.
HM humerus, CO Coracoid, SC scapula.

Deltoidius clavicularis, exhibits major variation between Trachemys and Chelydra,
but remains structurally similar. In both species, the deltoidius inserts on the dorsal
suface of the head of the humerus, and extends medially to attach along the midline
of the dorsal surface of the plastron. The area of attachment encompasses only the
surface of the epiplaston and demarcates the anterior border of muscular
attachment on the plastron. Proprotionally, Chelydra possesses a significantly larger
deltoidius. In contrast to the Trachemys condition, it also has an indistinct insertion.
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In Trachemys, the paired insertions of deltoidius on the dorsal side of the plastron
end cleanly and discreetly on the fascial surface of the plastron. In Chelydra, fibers
of deltoidius, at its insertion, interdigitate with those of the anterior head of
supracoracoidius, forming a continuous line of insertion along the plastral midline.
The Chelydra condition is also notable in that deltoidius, over much if its surface, lies
outside of the plastron, covered by skin and connective tissue, while in Trachemys it
is fully enclosed within the carapace-plastron complex.

Coracobrachialis magnus
Coracobrachalis magus is a major retractor of the humerus and one of the largest
muscle masses of the dorsal pectoral girdle (Walker 1973; Zug 1971). The
morphology of coracobrachialis magnus is highly conserved in both Trachemys and
Chelydra. Its extensive origin encompasses the entire dorsal surface of the coracoid
bar, and it’s fibers travel laterally beneath subscapularis and teres major to insert on
the proximal shaft of humerus.
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Bicep superficialis and Biceps profundus

Figure 3.7. Biceps superficialis and Biceps profundus comparison Chelydra and
Trachemys. HM humerus, CO Coracoid, SC scapula.

In turtles, the biceps complex is an association of two muscles, biceps superficialis
and biceps profundus. The configuration and morphology of these muscles are
these are highly variable across taxa and correlate with locomotive stresses (Walker
1973; Zug 1971).
In both taxa, these two muscles originate on the coracoid bar at approximately its
posterior lateral border and insert respectively along the humerus and ulna.
The exact site of origin along the coracoid bar differs slightly between taxa.

In Trachemys, both muscles lie ventral to the coracoid bar. Biceps superficialis
attaches along the ventral surface was well as its lateral edge, while biceps
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profundus attaches along the medial border of the coracoid. The biceps complex is
significantly different in Chelydra in both structure and position. Whilst it is a linear
muscle in Trachemys, biceps superficialis is a pinnate muscle in Chelydra. Its origin
has shifted from a strictly ventral position to a more lateral position along the lateral
edge of the coracoid. This divergence in both muscular structure and insertion point
means that the line of action of the muscle has changed from a strictly ventral plane
to a ventral lateral plane (inference made from observation). In addition, the muscle
itself is also significantly more robust in comparison to that of Trachemys.

Biceps profundus originates from the ventral surface of the coracoid and inserts on
the ulna. In Trachemys, the delineation between biceps superficialis and biceps
profundus is distinct and the two muscles lie parallel on the ventral surface of the
coracoid. In Chelydra, the orientation and morphology of biceps profundus remains
largely unchanged, though it is nearly enclosed by the much larger biceps
superficialis, which wraps around biceps profundus at its posterior border.

Brachialis inferior
Brachialis inferior is highly conserved in Chelydra and Trachemys and functions as a
flexor of the antebrachium (Walker 1973; Zug 1971). It both taxa, it originates on the
lateral border of the delto-pectoral crest of the humerus and extends laterally to
attach on the ventral surface of the ulna.
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Pelvic Musculature

Puboischiofemoralis internus

Figure 3.8. Puboischiofemoralis internus comparison in Chelydra and Trachemys.
FM Femur, PV Pelvis, TIB Tibia.

Puboischiofemoralis internus exhibits little morphological variation across the two
taxa. In both taxa it originates along the midline of the dorsal surface of the pubis
and runs posteriorly to insert on the shaft of the femur just posterior to the head.
The anterior border of the muscle extends beyond the anterior border of
puboischiofemoralis externus to attach on the epipubic cartlidge.
The muscle functions as a primary protractor of the femur. In Trachemys, it is the
one of the largest muscles of the dorsal pelvic apparatus. In Chelydra, it is markedly
smaller, in part due to the lateral compression of the pelvis. Since the laterel
processes of the pubes are anchored to the plastron by rectus abdominus, a lateral
reduction toward the posterior end of the plastron also reduces the width of the
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pelvis, reducing the size puboischiofemoralis externus, puboischiofemoralis internus
and other muscles associated with the pelvic girdle.

Illiofemoralis and Illiofibularis
Illiofemoralis and illiofibularis are two highly conserved muscles of the dorsal pelvic
girdle. In both taxa, illiofemoralis originates on the illuim, the last dorsal and the
sacral vertebrae, and inserts along the dorsal surface of the femur. It serves as both
a protractor and an adductor of the femur (Walker 1973; Zug 1971). Illiofibularis
originates from the posterior border of the iliac crest and inserts on the dorsal
surface of the fibula and serves to abduct the limb. It is highly conserved in both
Trachemys and Chelydra.

The Triceps Complex

54

Figure 3.9. Triceps femorotibialis comparison in Chelydra and Trachemys. FM
Femur, PV Pelvis, TIB Tibia.

The triceps femoris complex consists of three muscles, Illiotibialis, Ambiens and
femorotibialis, associated with the femur. These muscles originate on the pelvic
girdle and share a common tendon of insertion on the proximal end of the tibia.
They act as single functional unit and serve to abduct the limb as well as extend the
foot. These muscles exhibit minor structural differences across taxa, and their
origins and insertions largely remain indentical.
Ambiens is notable for its morphological differences between the two taxa. In
Trachemys, It is a single band of muscle that stretches from the lateral border of the
pubis to the anterior surface of the knee, inserting into the fascial sheath that covers
the knee joint. In Chelydra, the origin and insertion of ambiens remains conserved,
while the muscle itself has taken a semi-pinnate form, with a slight radiation in fiber
direction. In addition, the tendon of insertion is proportionally longer, occupying an
increased distance in the total length of the muscle.
Femorotibialis and Illiotibialis exhibit very little variation across taxa.

Rectus Abdominus
Rectus abdominus forms a primary point of interface between the plastron and the
pelvic girdle and is the most superficial of the pelvic flexors. It originates on the
lateral processes of the pubis in a fan shaped fashion, the fibers of the muscle
radiating outward from its origin to insert on the fascial surface of the dorsal side of
the plastron. At its medial border, rectus abdominus inserts along the midline of the
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dorsal fascia and joins at an irregular border. Anteriorily the insertion of rectus
abdominus travels along the dorsal plastral fascia until to interdigitates with the
posterior border of pectoralis.

Few structural differences exist between the rectus abdominus of Trachemys and
Chelydra. The primary source of variation between the rectus abdominus of
Trachemys and Chelydra lies in the size of the attachment area. In both species, the
plastral insertion of rectus abdominus encompasses the surface area of the
xiphiplastron and the posterior region of the hyoplastron. In Chelydra, plastron
reduction has led to a reduction in the availability of surface area in which rectus
abdominus can attach, resulting in a proportionally smaller rectus abdominus in
Chelydra. In addition, the lateral reduction of the plastron has resulted in a condition
in which the lateral processes of the pubis lie more laterally along the border of the
carapace in comparison relative to Trachemys. The lateral reduction of the plastral
attachment area functions as a constraint to the degree of fiber radiation in the
muscle body, resulting in smaller degrees of radiation in Chelydra.

Pubioischiofemoralis externus
Puboischiofemoralis externus Is the largest and anteriormost of the pelvic flexors. It
originates in an irregular interdigitating fashion along the midline of the pelvic girdle
and epipubic cartilage. In most cryptodires, it consists of 2 distinct masses, while in
Chelydra, it consists of three. All three portions converge, and as in all cryptodires
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insert on the proximal border of the minor trochanter to serve as an adductor to the
femur (Walker 1973; Zug 1971).

Caudi-illiofemoralis

Figure 3.10. Caudi-illofemoralis comparison in Chelydra and Trachemys. FM Femur,
PV Pelvis, TIB Tibia.

Caudi-illofemoralis is large abductor and retractor of the femur. It is highly conserved
in Trachemys and Chelydra and exhibits little variation in terms of structure,
morphology and proportional size. In both taxa the muscle originates from the
second sacral vertebrae, and travels ventrally, fanning out from the origin and
expanding laterally to attach along the posterior border of the femur.
The muscle primarily functions as a minor abductor and retractor of the hindlimb as
well as furnishing a slight degree of rotation (Walker 1973; Zug 1971).
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Ischiotrochantericus

The myology, function, and configuration of Ischiotrocantericus is highly conserved
in both Trachemys and Chelydra. Ischiotrocantericus is a small muscle that
originates on the fascia associated with the midline of the thyroid fenestra between
the ischium and pubis. It inserts along the trochanter at the head of the femur. Few
structural differences in this minor abductor exist between species. In Trachemys,
ischiotrocantericus is slightly larger in proportion to traverse the greater distance of
the laterally expanded pelvis.

Adductor femoris

Adductor femoris exhibits little variation between Trachemys and Chelydra. It is a
ventral muscle that lies deep to flexor tibialis internus and serves the adduct the
femur (Walker 1973; Zug 1971). In both Trachemys and Chelydra, the muscle
originates at the lateral process of the ischium and inserts along the ventral surface
of the shaft of the femur. Adductor femoris is slightly larger proportionally in
Trachemys.
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Flexor tibialis internus

Figure 3.11. Flexor tibialis internus compared in Chelydra and Trachemys. FM
Femur, PV Pelvis, TIB Tibia.

Despite its name, flexor tibialis internus lies external to flexor tibialis externus. It lies
ventrally, just beneath the skin and is a large superficial retractor of the lower pelvic
girdle.

Flexor tibialis internus is subject to major variation between Trachemys and
Chelydra. In both taxa, the muscle inserts on the ventral surface of the head of the
tibia, and diverges into two separate originations. Great variation exists in the degree
of separation between the anterior and posterior head, as well as the area of
insertion and degree of association with the sacrum. In Trachemys, the muscle is a
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single sheet, bifurcated at its insertion into two different sites. In Chelydra, the
bifurcation of insertion runs along much of the length of the muscle to produce two
closely associated, but semi-discreet muscle masses.

In both taxa, the anterior head of flexor tibialis internus inserts on the lateral border
of the ischium, while the posterior insertion inserts on the sacral complex. In
Trachemys, the latter posterior insertion is single point insertion, in which fibers of
the muscle converge into a thin band of connective tissue that inserts on the sacral
rib at the lateral border of the sacrum.

In Chelydra, the posterior insertion of flexor tibialis internus is greatly expanded and
migrates dorsally to insert along the dorsal side of the sacrum. The Trachemys
condition of flexor tibialis internus largely limits movement on a single plane, while
the dorsal migration of the posterior head in Chelydra allows a degree of vertical
movement not present in Trachemys (inference made from observation).

In addition flexor tibialis internus in Chelydra is proportionally broader and more
robust than Trachemys. It is logical to conclude that Flexor tibialis internus functions
as a much stronger adductor in Chelydra.

Flexor tibialis externus
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Figure 3.12. Flexor tibialis externus compared in Chelydra and Trachemys. FM
Femur, PV Pelvis, TIB Tibia.

Flexor tibialis externus is a large deep adductor that lays beneath flexor tibialis
internus, and exhibits major morphological differences between the two taxa. In both
taxa, it originated at the posterior border of the ischium and runs laterally to attach
on the ventral surface of the tibia. The insertion and origin of fleor tibialis externus
remains largely unchanged while variation is seen the relative size of between two
taxa. In Trachemys, the muscle is a thin band, while in Chelydra it is much more
robust structure, thicker at the origin and thinning out to a ligamentious band as it
reaches its insertion.
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Puboischiotibialis

Puboischiotibialis is a very small strand of muscle closely associated with the two
tibial flexors. It’s believed to be a vestigial muscle and can exhibit variation on
presence and absence between individuals. Variation in this muscle is insignificant.

Pubotibialis

Figure 3.13. Pubotibialis compared in Chelydra and Trachemys. FM Femur, PV
Pelvis, TIB Tibia.

Pubotibialis is a minor adductor of the hind limb. It is a deep muscle that rests
beneath flexor tibiali internus. Pubotibialis exhibits little morphological variation
between Trachemys and Chelydra. In both taxa, it originates from the ischiadic
portion of the pelvis, and inserts on the ventral side of the tibia. Though few
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morphological differences of pubotibialis exist between the two taxa, it is
proportionally thicker and larger in Chelydra.

Chapter III: Discussion
Quantitative analysis of muscular mass via covariance show recurring trends in Pvalues.
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Muscle
Latissimus Dorsi
Teres Major
Deltoideus
Subscapularis
Triceps Brachii
Pectoralis undifferentiated
Pectoralis Medialis
Pectoralis Lateralis
Pectoralis total (Chelydra)
Supracoracoideus Ant
Supracoracoideus Post
Coracobrachialis magnus
Biceps superficialis
Biceps profundus
Biceps combined
Brachialis inferior
Supracoracoideus combined
Dorsal pectoral
Ventral Pectoral
Puboischiofemoralis internus

Illiofemoralis
Illiofibularis
Triceps Femoris illiotibialis
Triceps Femoris femorotibialis
Triceps Femoris ambiens
Rectus Abdominus
Pubioischofemoralis externus
caudi-illiofemoralis
ischiotrochantericus
adductor femoris
flexor tibialis internus
flexor tibialis externus
puboischiotibialis
pubotibialis
Triceps combined
Dorsal pelvic
Ventral pelvic

P-Values
Carapace

GM
0.046524
0.01679
0.04
0.585966
0.145999
0.004415

Skull Average
0.084412
0.027534
0.045682
0.692377
0.153632
0.006799

0.015267
0.000749
0.039726
0.671022
0.772555
0.048633

0.066762
0.110221
0.0176
0.01
0.29
0.027
0.08
0.07777
0.215535
0.013355

0.0657
0.117917
0.013535
0.008077
0.229786
0.029072
0.086635
0.077399
0.072721
0.007814

0.283315
0.136669
0.032556
1
0.371308
0.56752
0.873517
0.197048
0.308764
0.236807

0.033708
0.929465
0.067693
0.611155
0.010411
0.127722
0.616519
0.009933
0.0036
0.542303
0.53
0.012586
0.046955
0.264997
0.007743
0.020641
0.331035
0.03116

0.010763
0.666667
0.059828
0.7772555
0.006844
0.202032
0.202529
0.24492
0.019203
0.929465
0.358311
0.00856
0.0344864
0.266443
0.004698
0.017644
0.792486
0.027954

0.019141
0.350411
0.292893
0.077274
1
0.082006
0.135695
0.077651
0.116427
0.326537
0.456148
0.064852
0.153234
0.752952
0.837425
0.225099
0.09771
0.01814
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A general trend toward hypertrophy in ventral musculature on both girdles in
Chelydra relative to Trachemys, is evident from the P-values derived from using
carapace length and geometric mean as a size estimator. Both geometric mean (Pvalue 0.007) and carapace length (0.013) indicate that the significance values for the
total variation in mass between the ventral pectoral musculature of both taxa exceed
99%. A relatively higher degree of significance is shown in the P-values of the pelvic
girdle, in which all three size estimators showed a significant P-value. (geometric
mean P-value 0.02, carapace length P-value 0.03, skull length P-value 0.01). The
aforementioned findings support an increase in the mass of ventral musculature in
Cheydra, with a higher degree of significance in the pelvic musculature, supporting a
predominance of the pelvic locomotor apparatus in locomotion. These findings
correspond closely with the amount of observed plastron reduction and myological
variance between the myology of Trachemys and Chelydra.

The myology of the locomotor apparatus in both taxa follow the general trend in the
arrangement of functional muscle groups. In general, adductors are situated on the
ventral surface of the pectoral and pelvic girdles, and abductors are situated on the
dorsal side of the pectoral and pelvic girdles.

Plastral reduction in Chelydra has allowed increased area for the expansion of the
ventral adductors, as supported by the P-values of the quantitative myological
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analysis of the ventral musculature. This ventral expansion in ventral adductors is
driven by two mechanisms, the enlargement of minor adductors and the
reappropriation of retractors and protractors into adductors and abductors.

The enlargement of minor adductors from the Trachemys condition is seen
principally in deltoid and to a lesser degree, ambiens and pubotibialis.
Deltoideus has a significant P-value of 0.04 for carapace length and geometric mean
as well as 0.039 for skull length. The mass and observed myology of deltoideus
differs significantly from that of the Trachemys condition and the increased mass
and attachment area indicate that it is a much powerful adductor of the limb in
Chelydra. In addition, further augmentation to the mass of existing major adductors
have increased the proportional size and mass in the total adductor musculature.
This is seen principally in the flexor tibialis complex. Flexor tibialis interior and
exterior function as two major adductors of the hind limb. Flexor tibialis interior is the
larger of the two, also exhibiting a greater degree of variance, with P-values of
0.0125 for carapace length and 0.008 for geometric mean, indication a greater than
99% degree of significance between the two taxa. This extreme degree of
significance is also supported by qualitative observation in proportional mass and
variances in attachment area.

The reappropriation of retractors and protractors into adductors and abductors is
supported by qualitative observations in variations in positions of origins and
insertions between the two taxa. Positional shifts in the origins and insertions
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serve to augment potential for vertical limb movement as exhibited by Cheydra
locomotive musculature. Principally, the bifurcations of pectoralis allow the muscle to
undertake abduction function not exhibited in the Trachemys condition.
In addition, the ventral shift of ambiens, the ventral migration of biceps superficialis
and the dorsal migration of the posterior insertion of flexor tibialis internus support a
general trend towards increased capability for vertical motion of the limbs.

Although further studies are necessary in this area, preliminary results indicate that
an increase in adductor potential and the greater muscular potential for vertical
motion suggests a greater degree adaptation toward limb movement for walking
locomotion and a greater weight bearing capacity. Taken together, the increased
capability for walking locomotion, and limb adduction, coupled with the decrease in
the ossification and size of the plastron indicates an increased capacity for weight
bearing locomotion, and greater degrees of limb freedom

consistent with the

demands of overland dispersal movements

Future areas of research:
We hope that the results of this study will form the foundation of future studies in the
functional morphology of Chelydra. A foundational understanding of muscular and
bony morphology of Chelydra is crucial for furthuer research on locomotion and gait,
and the development of parsaggitility in turtles.
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Though the cranial anatomy of Chelydra is well described, no systematic
osteological description currently exists on the Chelydra postcrania. A detailed
osteological study of the postcrania is necessary to better understand bracing, and
weight bearing qualities of the locomotor apparatus, its implications for locomotive
behavior and locomotive potential and dispersal.

C.serpentina is widely used as experimental species in a range of organismal and
ecological studies. A complete systematic description of the myology and osteology
of would create a definitive anatomical and morphological basis to better inform
these studies.

The plastron of C.serpentina is poorly ossified and plastral elements are loosely
joined. It is understood that degrees of freedom and a potential for movement exists
between many of the plastral elements. Degree and presence of plastron
deformation in Chelydra during locomotion, and its implications for gait is unknown.
In Chelydra, the majority of overland movements are made female during nesting
season. Female also dig nesting chambers. Myological differences if any that arise
from these sexually dimorphic behaviors are unknown.
Further long term radio tracking and dispersal studies in diverse locales are
necessary to gain a more accurate understanding of dispersal movements, causes
of dispersal, physical and environmental barriers and variances in dispersal potential
between sexes and populations.
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Appendix
Specimen Data
Qualifier
Specimen #
Origin
Sex
Snout -Vent Length (cm)
Carapace Length Midline (cm)
Carapace Length Longline (cm)
Carapace Width (cm)
Bridge Width (cm)
Plastron Length (cm)
Plastron Width (cm)
Skull Length (cm)
Skull Width (cm)
Body Weight (kg)
Body Depth (cm)

Pectoral
Muscle
Latissimus Dorsi
Teres Major
Deltoideus
Subscapularis
Triceps Brachii

Trachemys
B
Teaching collection
F
F
27.60
26.30
20.80
20.10
24.50
21.80
15.90
16.50
9.30
8.70
20.04
19.30
11.50
11.25
4.40
3.50
2.40
2.30
1.50
1.45
6.80
6.70
A

F

13101

M
27.20
20.85
22.40
14.90
8.50
19.65
10.20
3.70
2.45
1.21
8.00

?
24.40
14.40
15.60
12.90
4.40
10.80
11.20
5.30
2.40
0.65
5.65

Slider A:
Slider B:
All weights in grams +or - .01
Right
Left
Right
Left
2.00
2.06
1.30
2.82
2.83
1.70
1.82
1.80
1.80
3.44
3.37
6.03
1.44
1.41
2.90

Pectoralis undifferentiated
Pectoralis Medialis
Pectoralis Lateralis
Supracoracoideus Ant
Supracoracoideus Post
Coracobrachialis magnus
Biceps superficialis
Biceps profundus
Brachialis inferior

8.64
na
na
2.40
3.26
5.33
1.42
0.13
0.29

8.45
na
na
2.42
3.23
5.41
1.49
0.10
0.22

8.01
na
na
1.70
2.70
4.80
0.70
0.70
0.30

Chelydra
3218.00
WVBS
?
28.70
18.30
19.30
15.40
5.70
13.60
15.05
7.10
3.00
1.65
6.70

4121.00
?
30.55
20.00
20.40
16.10
5.70
14.55
15.20
7.40
3.00
1.90
8.30

Chelydra: 13101

Abductor
Adductor
Retractor
Protractor

Chelydra: 3218

Chelydra 4121

1.28
1.70
1.81
6.05
3.00

Right
Left
1.02
0.28
0.86
2.84
1.73

0.81
0.30
0.83
2.84
1.78

Right
Left
2.80
3.40
2.40
5.50
4.50

2.60
3.40
2.70
5.50
4.50

Right
Left
2.60
3.80
2.70
4.60
3.70

7.37
na
na
1.73
2.81
4.77
0.60
0.62
0.40

na
2.24
3.11
1.58
1.73
2.13
2.88
na
0.59

na
2.80
3.40
1.56
1.75
2.23
2.62
na
0.60

na
6.70
9.10
6.40
5.30
7.50
7.20
1.70
1.90

na
7.00
9.30
6.50
5.00
7.70
7.10
1.70
1.90

na
7.70
9.00
4.50
4.00
8.80
5.70
1.90
1.20

4.60
0.70
0.80
0.50
0.40
0.50
3.36
2.30
1.20
0.50
1.70
2.00
1.30
0.30
0.40

Right
Left
1.40
0.20
0.85
0.33
1.75
0.40
0.75
0.40
1.50
0.20
0.40
3.40
1.33
0.60
0.58

1.20
0.20
0.82
0.32
1.69
0.38
0.89
0.40
1.60
0.20
0.30
3.45
1.33
0.70
0.60

Slider F

2.50
3.80
2.60
4.60
3.40

Right
Left
1.90
2.40
1.50
2.60
1.30

na
7.70 n/a
9.00 n/a
4.50
4.10
8.60
5.90
1.70
1.20

8.80

1.90
2.40
1.50
2.60
1.30
8.60

n/a
n/a
2.00
2.20
3.70
1.00
1.30
0.70

2.10
2.20
3.70
1.00
1.30
0.70

Right
Left
6.50
1.10
0.70
1.20
0.60
0.80
4.50
3.00
1.90
0.30
0.70
3.70
1.30
0.60
0.30

6.50
1.10
0.70
1.20
0.60
0.70
4.60
2.90
1.80
0.30
0.70
3.70
1.30
0.60
0.40

Pelvic
Muscle
Right
Puboischiofemoralis internus

Illiofemoralis
Illiofibularis
Triceps Femoris illiotibialis
Triceps Femoris femorotibialis
Triceps Femoris ambiens
Rectus Abdominus
Pubioischofemoralis externus
caudi-illiofemoralis
ischiotrochantericus
adductor femoris
flexor tibialis internus
flexor tibialis externus
puboischiotibialis
pubotibialis

Left
6.41
0.30
0.30
1.22
0.69
0.79
2.48
2.22
1.80
0.10
0.20
4.57
1.84
0.20
0.42

Right
6.46
0.30
0.30
1.20
0.71
0.80
2.80
2.23
1.80
0.10
0.20
4.60
1.84
0.20
0.43

Left
4.80
0.80
0.80
0.50
0.40
0.50
3.70
2.10
1.20
0.70
1.50
2.40
1.20
0.30
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